The transverse instability of counterpropagating waves in nonlinear media with a photorefractive or Kerr-type nonlinearity is studied. The problem is formulated for a sluggish nonlinear medium that responds much slower than the optical frequency. In this limit, a general dispersion relation, valid 
I. INTRODUCTION
Small-scale transverse instability of a single beam [1] or two counterpropagating beams [2] in a Kerr-type nonlinear medium has been known in nonlinear optics for some time. In more recent years a number of theoretical treatments of the subject have appeared [3 -7] . A linear analysis shows that the instability manifests itself by the generation of a pair of satellite beams traveling at small angles +0, to the primary beams. The interference of the primary and satellite beams results in a transverse intensity modulation with the characteristic spatial scale l, =2~/O, ko. This transverse modulation is now attracting attention in connection with the formation of patterns in nonlinear optical systems [8] . In [9] and liquid crystals [10] . It has been suggested [11] that photorefractive crystals may be a suitable choice for nonlinear medium since they exhibit high nonlinearities and the value of nonlinear coupling in the crystal can be easily varied by external means. However, important differences between the Kerr and photorefractive nonlinearities warrant the separate analysis of transverse instabilities of counterpropagating beams that is presented in this paper.
For the case of a single beam propagating through a nonlinear medium the onset of the instability corresponds to the appearance of intensity modulation on its transverse profile with the characteristic modulation period considerably less than the diameter of the beam. As a result of the instability, the beam may break down into several narrower beams (filaments) so it is sometimes referred to ( In Kerr-type media the nonlinear part of the refractive index n 2 is not (or is only weakly) dependent on the angle 9 between the interacting waves (see Fig. 1 
Note that in Eqs. (1) and (2) we allow for coordinate dependence of the pumping beams' amplitudes. This will enable us to account for their depletion due to absorption and possible nonlinear processes that are competing with the one under discussion. Of primary concern in photorefractive media is the so-called fanning -a broadangle incoherent light-induced scattering. There are several differences between Eqs. (2) and those describing the transverse instability of instantaneous Kerr media [2] . The characteristic relaxation time of the photorefractive medium is much longer than the electromagnetic propagation time through the medium, so the time derivatives in the left-hand sides of Eqs. (2) are neglected. A frequency shift between the pump beams and the excited sidebands enters into Eqs. (2) through the coupling constant y"&(kj,0) that is generally complex. In instantaneous Kerr media the coupling constant is purely real and independent of the frequency shift, which instead enters explicitly into the left-hand sides of Eqs. (2) . Because of these differences the solutions of Eqs. (2) will not be comparable with those for instantaneous Kerr media except in the case when the coupling constant is real and the instability in instantaneous Kerr media in static, i.e. , there is no frequency shift between the primary waves and the sidebands ( Q = 0).
Despite the complex nature of the coupling coeNcient Eqs, (2) +2cos(kdl)cosh(sl) =0 . (5) The case of a sluggish Kerr medium is recovered from Eq. (5) under the replacement (3). Equation (4) or (5) for q =1 are identical to the corresponding curves given in Refs. [3 -7] . When comparing the graphs it should be kept in mind that for q =1 Eq. (5) can be written as the product of two terms [6] [tan(kdl/2)tanh(sl /2) -(kd /s)] X [tan(kd l /2)tanh(sl /2)+ (s/kd )] =0 (7) leading to two solutions for each value of kdI. In Fig. 2 we depict only the lowest of the two solutions. For q&1 the curves in Fig. 2 differ from those in Refs. [4, 5] , which allow for only static instabilities, whereas they appear similar to the results shown in Ref. [7] for instantaneous Kerr media with q&1, QWO Table I ).
When E,"))E, ", E ")) Ed;ff (small ki limit) the charge transport is drift dominated and y, is mostly real (LiNbO3 in Table I ). The dependence of y, l on kdl is shown in Fig. 3 ---, arg(y", ).
pletion of the main beam that can be characterized phenomenologically by an effective absorption coefficient a&.
Measurements in the same sample of BaTi03 using extraordinary polarized beams which induce strong fanning gave a total effective absorption of uT=a+cx&-9 cm
for Fig. 4 
